INTRODUCTION {#sec1-1}
============

Ulcerative colitis (UC) is a chronic and inflammatory disease of intestinal tract and possesses the characteristics of relapsing-remitting course.\[[@ref1]\] Patients suffering from UC are more likely to develop colorectal cancer in comparison with general population, which is a common malignancy worldwide.\[[@ref2]\] The overexpression of prooxidant molecules was associated with the increased activities of infiltrating leukocytes, neutrophils, and macrophages in the development of UC.\[[@ref3]\] Moreover, these cytokines could upregulate the level of myeloperoxidase, resulting in the generation of reactive oxygen species (ROS), which could induce the apoptosis.\[[@ref4][@ref5]\] A growing body of evidences highlighted the essential roles of the promotion of intestinal epithelial cell (IEC) apoptosis and the suppression of inflammatory cell apoptosis in the injury of colonic tissue, and the abnormality of immunology in UC. Consequently, oxidative stress and IEC apoptosis were potential drivers in the induction and progression of UC.\[[@ref6][@ref7]\] Therefore, the inhibition of oxidative stress and apoptosis are the main programs to cure UC.\[[@ref8][@ref9]\]

Baicalin (5,6,7-trihydroxyflavone-7-*β*-D-glucuronide, molecular weight = 446.36, [Figure 1](#F2){ref-type="fig"}), a bioactive flavonoid, is extracted from the root of *Scutellaria baicalensis* Georgi (*Scutellariae radix*).\[[@ref10]\] Baicalin has shown its great effects on anti-inflammatory, antioxidant, and antimicrobial properties.\[[@ref11][@ref12]\] Growing evidence suggested that baicalin was a protective agent against oxidative stress-induced diseases, such as type-2 diabetic, hepatic, and global cerebral ischemia/reperfusion injury.\[[@ref13][@ref14][@ref15]\] In addition, baicalin possessed anti-apoptotic property.\[[@ref16]\] It has been reported that baicalin inhibited oxidative stress-induced apoptosis in several cells, such as HepG2, H9c2 rat ventricular, and PC-12 cells.\[[@ref17][@ref18][@ref19]\] Oxidative stress and apoptosis contributed to the development of UC, and we have demonstrated that baicalin hold an anti-inflammatory effect on UC through inhibiting Toll-like receptor-4/nuclear factor kappa-light-chain-enhancer of activated B cells pathway activation.\[[@ref20]\] However, whether the suppression of oxidant stress and apoptosis was another underlying mechanism of baicalin against UC remains unclear.

![Chemical structure of baicalin](PM-12-225-g002){#F2}

In the present study, we explored the underlying molecular mechanism of baicalin on lipopolysaccharide (LPS)-stimulated RAW264.7 cells and 2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced rats. The protective effect of baicalin on UC via antioxidant stress and anti-apoptosis was studied. Our findings may provide a distinctive insight for comprehending the treatment of baicalin on UC.

MATERIALS AND METHODS {#sec1-2}
=====================

Chemicals and drugs {#sec2-1}
-------------------

Baicalin (purity: ≥98%) was purchased from Sigma-Aldrich (St. Louis, MO, USA). The murine macrophage cell line, RAW264.7, was obtained from American Type Culture Collection (Manassas, VA, USA). All the antibodies, transforming growth factor beta-1 (TGF-*β*1), total and cleaved caspase-3, total and cleaved caspase-9, Bax, Bcl-2, Fas, and FasL, were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). In addition, basal Dulbecco\'s modified Eagle\'s medium (DMEM) and fetal bovine serum (FBS) were provided by Gibco (Grand Island, NY, USA). The quantification kits of catalase (CAT), glutathione peroxidase (GSH-PX), superoxide dismutase (SOD), and malondialdehyde (MDA) were provided by Jiancheng Bioengineering Institute (Nanjing, China). The other chemicals and reagents used were of analytical grade.

Study design {#sec2-2}
------------

RAW264.7 cells were cultured in high-glucose DMEM supplemented with 10% FBS, 100 U/mL penicillin and 100 μg/mL streptomycin at 37°C in a 5% CO~2~ atmosphere. Medium was changed every day. RAW264.7 cells were stimulated by 1 μg/mL LPS (Sigma, St. Louis, MO, USA), and then treated with different concentration of baicalin. Total proteins were extracted for further experiments.

Male Sprague-Dawley rats (220 ± 20 g) were purchased from Shanghai SLAC Laboratory Animal Co. Ltd. (Shanghai, China). All rats were housed five per cage and maintained in an animal holding room controlled at a constant temperature of 25 ± 2°C with a relative humidity of 50 ± 5% and a 12 h light-dark cycle. The animals were allowed access to food and tap water *ad libitum* throughout the acclimatization and experimental periods. Permission for the animal studies was obtained from the Animal Ethics Committee of Jiangsu Provincial Academy of Chinese Medicine. Before experiments, the animals were fasted 12 h with free access to tap water. Then, 10% chloral hydrate (0.3 mL/100 g) was injected to the abdominal cavity of rats to make them anesthetic. The UC model rats were induced by a single intracolonic injection of 0.2 mL 5% TNBS in 0.25 mL of 50% ethanol. The rats in control blank group were given equal volume of physiological saline instead of TNBS by intracolonic injection. Following instillation of the TNBS solution, rats were maintained in a head-down position for a few minutes to prevent leakage of the intracolonic instillation.\[[@ref21]\] The rats were divided into six groups (*n* = 15/group): control blank group (physiological saline), model group (physiological saline), positive group (100 mg/kg mesalazine), high-dose baicalin group (120 mg/kg baicalin), medium-dose baicalin group (60 mg/kg baicalin), and low-dose baicalin group (30 mg/kg baicalin). The rats in each group were treated with corresponding drugs per day by gastric lavage for 15 days. Disease activity indices (DAI) were calculated to evaluate the degree of colitis.\[[@ref22]\]

Histological assessment {#sec2-3}
-----------------------

Colon tissues were fixed in 10% formalin and obtained from embedded paraffin samples. The tissues were deparaffinized with xylene and rehydrated using graded alcohol for the staining analyses. The sections were stained with H and E and then visualized and photographed under a microscope using a camera system (Olympus LK2, Japan). Histological injuries were evaluated according to the previously described method, considering both inflammatory cell infiltration and tissue damage. Scores for infiltration were 0: no infiltration; 1: increased number of inflammatory cells in the lamina propria; 2: inflammatory cells extending into the submucosa; and 3: transmural inflammatory infiltrates; and for tissue damage, 0: no mucosal damage; 1: discrete epithelial lesions; 2: erosions or focal ulcerations; and 3: severe mucosal damage with extensive ulceration extending into the bowel wall.

Immunohistochemical analysis {#sec2-4}
----------------------------

Rat colonic tissues were removed under anesthesia and were preserved by perfusion fixation with a solution of 4% paraformaldehyde. After that, tissues were blocked in paraffin and then cut into 5 µm thick sections. Tissue sections were incubated in citrate buffer (pH 6.0) at 95--100°C for 20 min in water bath for antigen retrieval. According to endogenous peroxidase, slides were incubated in hydrogen peroxide in methanol to reduce nonspecific background staining. Sequentially, tissues were boiled in citrate buffer solution for 10 min. They were cooled and then washed by phosphate-buffered saline (PBS) before the application of blocking serum. Primary antibodies, TGF-*β*1 (1:200), Bax (1:200), and Bcl-2 (1:200) were incubated with tissues to detect their targeted proteins, and then probed with secondary antibody. Elivison two-step method was performed for the immunohistochemical staining, and photographs of slides were taken using DM2500 optical microscope (Jilin Province Glory Trading Co., Ltd, Jilin, China).

Western blot analysis {#sec2-5}
---------------------

To further evaluate the effect of baicalin on oxidative stress and apoptosis-related protein expressions and explore the possible mechanism underlying, Western blot analysis was performed for the protein expressions of TGF-*β*1, total and cleaved caspase-3, total and cleaved caspase-9, Bax, Bcl-2, Fas, and FasL. Briefly, RAW264.7 cells were washed with ice-cold PBS after treatment with drugs for the specified time, and lysed in cell lysis buffer (1% Triton X-100, 0.015 M NaCl, 10 mM Tris--HCl, 1 mM EDTA, 1 mM PMSF, 10 lg/mL of each leupeptin and pepstain A), and then incubated on ice for 30 min. The cell lysates were centrifuged at 13,000 g for 15 min at 4°C. Protein extracts were separated by 6--15% sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred onto polyvinylidene difluoride membranes (Millipore Corporation, MA, USA). The membranes were blocked with 5% skimmed milk for 2 h, and then given an overnight incubation with the primary antibodies, TGF-*β*1 (1:400), caspase-3 (1:400), cleaved caspase-3 (1:400), caspase-9 (1:400), cleaved caspase-9 (1:400), Bax (1:400), Bcl-2 (1:400), Fas (1:400), and FasL (1:400) at 4°C. After thorough washing, the membranes were incubated with horseradish peroxidase-bound secondary antibody (1:5000) for 1 h at room temperature. Chemiluminescence reagents were added for the visualization of the protein bands (Millipore Corporation, MA, USA). The quantification of proteins was analyzed by Image-pro plus software (IPP 6.0, Media Cybernetics Inc., Silver Spring, Maryland, USA).

Determination of catalase and glutathione peroxidase activity {#sec2-6}
-------------------------------------------------------------

To investigate the attenuation of baicalin on oxidative stress status in LPS-stimulated RAW264.7 cells and TNBS-induced rats, we analyze the CAT and GSH-PX activity. CAT activity was assayed by the ammonium molybdate spectrophotometric method, which was based on the decreased absorbance because of the consumption of H~2~O~2~.\[[@ref23]\] GSH-PX activity was measured by the method of Hafeman.\[[@ref24]\] GSH-PX could degrade H~2~O~2~ in the presence of GSH, leading to the decrease of GSH. Then, the remaining GSH was reacted with 5,5\'-dithiobis-2-nitrobenzoic acid (DTNB). Absorbance was read spectrophotometrically at 405 nm for CAT and 412 nm for GSH-PX at the end of reaction on a microplate reader.

Determination of superoxide dismutase activity and malondialdehyde content {#sec2-7}
--------------------------------------------------------------------------

To further study the effect of baicalin on oxidative stress status *in vitro* and *in vivo*, SOD activity and MDA content were evaluated. The activity of SOD was measured by the method of Marklund and Marklund,\[[@ref25]\] owing to the ability of SOD to inhibit the autoxidation of pyrogallol. The MDA levels in cell supernatant and tissue homogenate were measured according to the thiobarbituric acid (TBA) method previously described. The method was based on the reaction of MDA with TBA to form thiobarbituric acid-reactive substances (TBARS), which was evaluated as the end product of lipid peroxidation. The SOD activity and MDA content were measured spectrophotometrically at 550 and 450 nm, respectively.

Detection of intestinal epithelial cell apoptosis by terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling assay {#sec2-8}
--------------------------------------------------------------------------------------------------------------------------------

Terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL) staining was performed using the *in situ* Cell Death Detection Kit according to the manufacturer\'s protocol (Roche Diagnostics GmbH, Mannheim, Germany) with slight modifications. Briefly, paraffin-embedded colon tissue sections of 5-μm thickness were cut onto glass slides, dewaxed in xylene, hydrated, and treated with proteinase-K. The activity of endogenous peroxidase was blocked when the samples were immersed in 3% H~2~O~2~ in methanol. TUNEL reaction mixture was then added to the samples. Subsequently, colon tissue sections were rinsed twice with PBS and mounted with cover slips and glycerin. Positive signals were illustrated as distinct brown nuclear staining. TUNEL-positive cells per field were counted in 10 randomly chosen fields at 400 power magnification, and positive cell percentages were averaged.

Reactive oxygen species assay {#sec2-9}
-----------------------------

The ROS level in the colon of UC rats treated with baicalin was determined by ROS assay kit according to manufacturer\'s instructions (KeyGEN, Nanjing, China). The content of ROS was calculated according to the standard curve. The result was expressed as fluorescence intensity/mg protein.

Statistical analysis {#sec2-10}
--------------------

All data were expressed as the means ± standard deviation. Multigroup comparisons were performed using one-way ANOVA multiple comparisons among means. Student\'s *t*-test was used for comparisons of two groups. The data were analyzed by SPSS 17.0 statistical software (Chicago, IL, USA). *P* \< 0.05 were considered statistically significant.

RESULTS {#sec1-3}
=======

Effect of baicalin on 2,4,6-trinitrobenzene sulfonic acid-induced disease activity index and colon length in ulcerative colitis rats {#sec2-11}
------------------------------------------------------------------------------------------------------------------------------------

UC led to a significant increase in the DAI of the rats as compared with the control blank group. Severe rectal bleeding was observed in the model group. Baicalin treatment, at the highest administered dose, significantly reduced UC-induced increase in the DAI of animals \[[Figure 2a](#F3){ref-type="fig"}\]. Rats with UC in high-dose baicalin group did not show any significant difference in the body weight in comparison with the control blank, and no rectal bleeding was observed at the end of the experiment. Furthermore, UC led to a significant decrease in the colon length in comparison with the control blank group while the treatment with baicalin could significantly reverse the phenomenon \[[Figure 2b](#F3){ref-type="fig"}\].

![(a) Effect of baicalin on 2,4,6-trinitrobenzene sulfonic acid-induced disease activity index in ulcerative colitis rats. (b) Effect baicalin on 2,4,6-trinitrobenzene sulfonic acid-induced colon length (cm) in ulcerative colitis rats](PM-12-225-g003){#F3}

Baicalin alleviates the colonic mucosal injuries induced by 2,4,6-trinitrobenzene sulfonic acid {#sec2-12}
-----------------------------------------------------------------------------------------------

These colonic mucosal injuries persisted till day 15, including epithelial necrosis, epithalaxy, impaired mucosa involving submucosa with hyperemia and edema, and ulcer accompanied with numerous inflammatory cell infiltrations \[[Figure 3Ab](#F4){ref-type="fig"}\] compared with the control group \[[Figure 3Aa](#F4){ref-type="fig"}\] but could be alleviated by the treatment of mesalazine \[[Figure 3Ac](#F4){ref-type="fig"}\] and baicalin \[Figure [3Ad](#F4){ref-type="fig"}--[f](#F4){ref-type="fig"}\]. The colonic histological injury scores were higher \[[Figure 3B](#F4){ref-type="fig"}\] in TNBS group compared with the control blank group, which were remarkably ameliorated by baicalin treatment. These results revealed a distinct improvement of histology in baicalin + TNBS group compared with TNBS group.

![Representative histological images and scores of colonic epithelial cell. (A) Representative histological images stained by H and E. a: Control blank (rats were not induced but administrated by physiological saline); b: 2,4,6-trinitrobenzene sulfonic acid (rats were induced by 2,4,6-trinitrobenzene sulfonic acid and administrated by physiological saline); c: 2,4,6-trinitrobenzene sulfonic acid + mesalazine (rats were induced by 2,4,6-trinitrobenzene sulfonic acid and administrated by mesalazine); d: 2,4,6-trinitrobenzene sulfonic acid + high-dose baicalin (rats were induced by 2,4,6-trinitrobenzene sulfonic acid and administrated by high-dose baicalin); e: 2,4,6-trinitrobenzene sulfonic acid + medium-dose baicalin (rats were induced by 2,4,6-trinitrobenzene sulfonic acid and administrated by medium-dose baicalin); f: 2,4,6-trinitrobenzene sulfonic acid + low-dose baicalin (rats were induced by 2,4,6-trinitrobenzene sulfonic acid and administrated by low-dose baicalin). (B) Histological score. Data were mean ± standard deviation (*n* = 6). ^&^*P* \< 0.05 versus control blank group; \**P* \< 0.05 versus 2,4,6-trinitrobenzene sulfonic acid group; ^\#^*P* \< 0.05 versus mesalazine group](PM-12-225-g004){#F4}

Baicalin upregulated the activities of catalase and glutathione peroxidase in the supernatant of lipopolysaccharide-stimulated RAW264.7 cells and serum of ulcerative colitis rats {#sec2-13}
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

To estimate the antioxidant activity of baicalin on colon injury, the activities of CAT and GSH-PX in the supernatant of LPS-stimulated RAW264.7 cells and the serum of UC rats were evaluated. As shown in [Figure 4](#F5){ref-type="fig"}, the activities of CAT and GSH-PX in RAW264.7 cells or UC rat serum were observably downregulated by exposure to 1 μg/mL LPS or 0.2 mL 5% TNBS (*P* \< 0.05, *P* \< 0.01). However, mesalazine (100 mg/kg), positive drug, could upregulate the activity of these two antioxidant enzymes. As anticipated, the activities of CAT and GSH-PX in baicalin treatment group (1.0 × 10^−7^ M, 5.0 × 10^−7^ M, 1.0 × 10^−6^ M, 5.0 × 10^−6^ M, and 1.0 × 10^−5^ M for cells, and 30 mg/kg, 60 mg/kg, and 120 mg/kg for UC rats) were evidently increased in comparison with that in model group. These results suggested that baicalin could attenuate the oxidant damage in colon, which was induced by LPS *in vitro* or TNBS *in vivo*.

![(a) Effect of baicalin on lipopolysaccharide-stimulated RAW264.7 cells. (b) Effect of baicalin on 2,4,6-trinitrobenzene sulfonic acid-induced ulcerative colitis rats. (c) The effect of baicalin on catalase activity; (d) the effect of baicalin on glutathione peroxidase activity. ^&^*P* \< 0.05 and ^&&^*P* \< 0.01, lipopolysaccharide versus BSA control; \**P* \< 0.05 and \*\**P* \< 0.01, mesalazine versus lipopolysaccharide group; ^\#^*P* \< 0.05 and ^\#\#^*P* \< 0.01, baicalin versus lipopolysaccharide group. Data from individual experiments are presented as means ± standard deviation (*n* = 3, *in vitro*; *n* = 6, *in vivo*)](PM-12-225-g005){#F5}

Baicalin upregulated superoxide dismutase activity and downregulated malondialdehyde level in the supernatant of lipopolysaccharide-stimulated RAW264.7 cells and serum of ulcerative colitis rats {#sec2-14}
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

To comprehensively discuss the antioxidant activity of baicalin on colon injury, the SOD activity and MDA level in LPS-stimulated RAW264.7 cells supernatant and the serum of UC rats were determined. As presented in [Figure 5](#F6){ref-type="fig"}, the SOD activity was observably decreased by 1 μg/mL LPS *in vitro* or 0.2 mL 5% TNBS *in vivo* whereas MDA level was increased. However, the treatment with baicalin could evidently enhance SOD activity while remarkably reduce MDA level in LPS-stimulated RAW264.7 cells supernatant as well as in the serum of UC rats in a concentration-dependent manner. The present observations indicated that baicalin could protect LPS-stimulated RAW264.7 cells and UC rats from colon injury by reducing oxidative stress.

![(a) Effect of baicalin on lipopolysaccharide-stimulated RAW264.7 cells. (b) Effect of baicalin on 2,4,6-trinitrobenzene sulfonic acid-induced ulcerative colitis rats. (c) The effect of baicalin on superoxide dismutase activity; (d) the effect of baicalin on malondialdehyde content. ^&^*P* \< 0.05, model versus blank control; \**P* \< 0.05, mesalazine versus model; ^\#^*P* \< 0.05, baicalin versus model. Data from individual experiments are presented as means ± standard deviation (*n* = 3, *in vitro*; *n* = 6, *in vivo*)](PM-12-225-g006){#F6}

Effect of baicalin on intestinal epithelial cell apoptosis {#sec2-15}
----------------------------------------------------------

To study whether experimental colitis was associated with IEC apoptosis and the effect of baicalin on IEC apoptosis, we employed TUNEL staining in colonic tissues. As shown in [Figure 6](#F7){ref-type="fig"}, few apoptotic cells were observed in control blank group whereas colon tissues presented a marked appearance of dark-brown apoptotic cells after treatment with TNBS (*P* \< 0.01). In contrast, administration of mesalazine distinctly decreased the number of apoptotic epithelial cells. Treatment with baicalin remarkably reduced the percentages of TUNEL-positive cells in a concentration-dependent manner. Particularly, baicalin in a dose of 120 mg/kg was the most effective in inhibition of IEC apoptosis.

![Effect of baicalin on intestinal epithelial cell apoptosis. (A) Terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling staining in colon tissues. a: Control blank group; b: Model group (2,4,6-trinitrobenzene sulfonic acid); c: Mesalazine group (100 mg/kg); d: High-dose baicalin (120 mg/kg); e: Medium-dose baicalin (60 mg/kg) and f: Low-dose baicalin (30 mg/kg). (B) Apoptosis rate of colon tissues](PM-12-225-g007){#F7}

Baicalin decreased the expression of transforming growth factor beta-1 protein *in vitro* and *in vivo* {#sec2-16}
-------------------------------------------------------------------------------------------------------

By immunohistochemical assay in [Figure 7A](#F8){ref-type="fig"}, we observed that TNBS dramatically elevated TGF-*β*1 protein expression in the colon of UC rats. Positive drug mesalazine (100 mg/kg) and baicalin (30 mg/kg, 60 mg/kg, 120 mg/kg) could decrease TGF-*β*1 protein expression to a lower level than model rats. As shown in Figure [8A](#F9){ref-type="fig"} and [B](#F9){ref-type="fig"}, LPS markedly increased the expression of TGF-*β*1 protein *in vitro* than that in BSA group (9677.35 ± 282.68 vs. 2125.10 ± 124.58, *P* \< 0.01). However, a significant decrease on the expression of TGF-*β*1 protein could be observed by the treatment with 10 μM mesalazine (*P* \< 0.01, vs. LPS). Interestingly, this increase could also be significantly downregulated after treatment with baicalin at doses of 1.0 × 10^−5^ M, 5.0 × 10^−6^ M, and 1.0 × 10^−6^ M (*P* \< 0.05, *P* \< 0.01).

![Effect of baicalin on 2,4,6-trinitrobenzene sulfonic acid-induced related protein expression in colon tissues by immunohistochemistry assay. Red arrows show the protein expression. (A) transforming growth factor beta-1 protein expression, (B) Bax protein expression, and (c) Bcl-2 protein expression. a: Control blank group; b: Model group (2,4,6-trinitrobenzene sulfonic acid); c: mesalazine group (100 mg/kg); d: High-dose baicalin (120 mg/kg); e: Medium-dose baicalin (60 mg/kg) and f: Low-dose baicalin (30 mg/kg) (for interpretation of the references to color in this figure legend, the reader is referred to the web version of this article)](PM-12-225-g008){#F8}

![Western blot analysis for oxidant stress and apoptosis-related protein expression in RAW264.7 cells. (A) RAW264.7 cells were treated with lipopolysaccharide in the presence or absence of mesalazine or baicalin, and protein expressions were analyzed by western blotting analysis. a: 1 μg/ml BSA; b: 1 μg/mL lipopolysaccharide; c: Mesalazine + lipopolysaccharide; d: Baicalin (1.0 × 10^−5^ M) + lipopolysaccharide; e: Baicalin (5.0 × 10^−6^ M) + lipopolysaccharide; f: Baicalin (1.0 × 10^−6^ M) + lipopolysaccharide. (B) transforming growth factor beta-1 protein level; (C) caspase-3 protein level; (D) cleaved caspase-3 protein level; (E) caspase-9 protein level; (F) cleaved caspase-9 protein level; (G) Bax protein level; (H) Bcl-2 protein level; (I) Fas protein level; (J) FasL protein level. Data are expressed as means ± standard deviation, *n* = 3. ^&&^*P* \< 0.01, lipopolysaccharide versus BSA group; \*\**P* \< 0.01, mesalazine versus lipopolysaccharide group; ^\#^*P* \< 0.05, ^\#\#^*P* \< 0.01, baicalin versus lipopolysaccharide group](PM-12-225-g009){#F9}

Effect of baicalin on the expressions of serial proteins involved in intestinal epithelial cell apoptosis {#sec2-17}
---------------------------------------------------------------------------------------------------------

As shown in Figure [8A](#F9){ref-type="fig"} and [C](#F9){ref-type="fig"}--[F](#F9){ref-type="fig"}, the expressions of caspase-3, cleaved caspase-3, caspase-9, and cleaved caspase-9 protein were markedly increased in model group in comparison with BSA group. Administration of mesalazine effectively suppressed these protein expressions. As expected, the four protein levels in baicalin group were also significantly decreased compared with that in model group.

The results of immunohistochemistry assay and Western blot analysis showed that the expression of Bax protein in model group was distinctly elevated in comparison with control blank group whereas the expression of Bcl-2 protein was significantly decreased \[Figure [7B](#F8){ref-type="fig"} and [C](#F8){ref-type="fig"}; Figure [8A](#F9){ref-type="fig"}, [G](#F9){ref-type="fig"}, and [H](#F9){ref-type="fig"}\]. However, baicalin treatment significantly diminished the increasing of Bax protein expression in a concentration-dependent manner. Baicalin at 1.0 × 10^−5^ M exhibited the most impressive inhibiting effect in reducing the protein expression of Bax (*P* \< 0.01). In addition, baicalin could concentration-dependently upregulate the protein level of Bcl-2 (*P* \< 0.05, *P* \< 0.01).

As shown in Figure [8A](#F9){ref-type="fig"}, [I](#F9){ref-type="fig"}, and [J](#F9){ref-type="fig"}, the expressions of Fas and FasL protein in BSA group were very low. The two protein expressions in LPS-stimulated RAW264.7 cells were significantly higher than that in BSA group (*P* \< 0.01). As expected, mesalazine, positive drug, could effectively suppress the expressions of Fas and FasL protein (*P* \< 0.01). Interestingly, the two protein expressions would also be downregulated by baicalin treatment in a concentration-dependent manner.

Our study suggested that one mechanism underlying the protective effect of baicalin involved in the adjusting of several proteins was associated with cell apoptosis in experimental colitis.

Baicalin-reduced reactive oxygen species generation {#sec2-18}
---------------------------------------------------

To evaluate whether the generation of ROS was related to UC, ROS assay was carried out in rat\'s colon. As shown in [Figure 9](#F10){ref-type="fig"}, the level of ROS in model group was significantly increased compared with control group (*P* \< 0.01). On the contrary, baicalin of different doses downregulated the generation of ROS in UC rats. From the above results, we could see that baicalin alleviated the colonic mucosal injuries induced by TNBS in a concentration-dependent manner. Therefore, we preliminarily speculated that the remission of colitis symptoms of rats by baicalin was associated with the down-regulation of ROS.

![Effect of baicalin on reactive oxygen species generation in the colon of ulcerative colitis rat. Data are expressed as means ± standard deviation, *n* = 3. ^&&^*P* \< 0.01, model versus control group; ^\#^*P* \< 0.05, ^\#\#^*P* \< 0.01, baicalin versus model group](PM-12-225-g010){#F10}

DISCUSSION {#sec1-4}
==========

Several experimental and clinical studies have shown that ROS was associated with the pathogenesis of UC.\[[@ref26][@ref27][@ref28]\] Superoxide radicals produced by activated leukocytes or xanthine oxidase pathway and prostaglandin products, or leukotrienes formed by the oxidation of arachidonic acid, constituted the main source of ROS in inflamed mucosa. These toxic products affected cellular membrane stability and promote lipid peroxidation.\[[@ref29]\] Many studies have shown that CAT was able to strengthen the oxidation resistance as the main biochemical target.\[[@ref30][@ref31]\] It could also maintain the low steady-state concentration of ROS.\[[@ref32]\] The biochemical function of GSH-PX was to reduce lipid hydroperoxides to their corresponding alcohols and to reduce free hydrogen peroxide to water.\[[@ref33]\] SOD was an important antioxidant enzyme in mitochondria against oxidative stress.\[[@ref34]\] MDA, as a decomposition product of lipid hydroperoxides, was an indicator of oxidative damage to cells and tissues and *in vitro* reacts with hydrogen peroxide to form undetermined degradation products.\[[@ref35]\] Contradictory results were present in literatures with respect to plasma lipid peroxidation in UC patients. Durak *et al*.\[[@ref36]\] observed that there was no significant difference of GSH-PX activity between patients with UC and controls. However, we found that the levels of GSH-PX were significantly increased both in LPS-stimulated RAW264.7 cells and TNBS-induced rats, which was consistent with a study by Beno *et al*.\[[@ref37]\] Baicalin possessed antioxidant ability both *in vivo* and *in vitro*.\[[@ref19]\] Thus, the capacity of baicalin to upregulate the intrinsic antioxidant enzyme expressions may be deemed an important noninvasive method of combating oxidative stress in experimental colitis. Although the biological responses to baicalin have been well researched, its application in different disease circumstances has not yet been fully elucidated. Therefore, the identification of the antioxidant properties of baicalin in the context of LPS- or TNBS-induced oxidative stress may be considered as an important revelation of this study.

The pathogenesis of UC was also related to the abnormal apoptosis. Plenty of evidences suggested that the number of apoptotic epithelial cells increased with the development of UC, which may cause a change of the epithelial barrier function, resulting in pathogenic microorganism infiltration.\[[@ref36][@ref37]\] Different mechanisms were involved in the induction of apoptosis. One pathway was mediated by proapoptotic signals at the mitochondria level including members of Bcl-2 family and caspase-9. Bcl-2 was anti-apoptotic whereas Bax was pro-apoptotic. The imbalance between Bcl-2 and Bax could lead to apoptosis. The interplay between cell surface death receptor Fas and its specific ligand FasL also contributed to the effect of baicalin. The interaction resulted in the constitution of the death-inducing signaling complex and activated downstream effector caspase-3.\[[@ref38]\] Zheng *et al*.\[[@ref19]\] had demonstrated that baicalin could increase the Bcl-2 protein expression and decrease caspase-3 protein expression, which were attenuated by AG-490 in PC12 cells. Lin *et al*.\[[@ref39]\] also confirmed that baicalin could attenuate renal ischemia-reperfusion injury by inhibiting mitochondria-mediated apoptosis: Decreasing caspase-3 activity and increasing the Bcl-2/Bax ratio. Liu *et al*.\[[@ref40]\] reported that baicalin can reduce expressions of Fas and FasL protein in HIBD rats, inhibit apoptosis of nerve cells, achieving the protective effect on HIBD rat nerves. In the present study, baicalin upregulated Bcl-2 protein expression and decreased the expression of Bax protein in UC rats, inducing the subsequent translocation of the marked activation of the caspase-cascade system, and concentration-dependently downregulated the expressions of Fas and FasL protein.

Growing evidence indicated that TGF-*β* was highly expressed in patients or rats of UC, and it usually played a pivotal role in the modulation of the intestinal immune system.\[[@ref41]\] TGF-*β* possessed both pro- and anti-inflammatory effects. It functions as a biological switch, antagonizing or modifying the action of other cytokines or growth factors. The diverse effects of TGF-*β* on proliferation, differentiation and function all depended on the ligand binding cell type. Chuang *et al*.\[[@ref42]\] investigated that baicalin could upregulate TGF-*β* gene expression on RAW264.7 cells in a concentration-dependent manner whereas Lo *et al*.\[[@ref43]\] found that baicalin significantly inhibited LPS-stimulated TGF-*β* expression in the lung tissue. TGF-*β* 1, one of the main subtypes of TGF-*β*, acted as a negative regulator of caspase-8 and thereby inhibited Fas-mediated apoptosis in mucosal inflammation, which was indispensable for wound healing and tissue repair.\[[@ref44][@ref45]\] There was also a study implying that successful treatment of UC-related mucosal injury resulted in a decrease of TGF-*β* 1 level in plasma and intestinal mucosa.\[[@ref46]\] Our findings indicated that baicalin could weaken colon damage via downregulating TGF-*β* 1 protein expression.

CONCLUSION {#sec1-5}
==========

The present results demonstrated that baicalin concentration-dependently ameliorated the severity of experimental colitis. The possible mechanisms of baicalin in protecting UC were associated with the inhibition of oxidative stress and modulation of serial proteins involved in IEC apoptosis. In addition, numerous studies from animal studies as well as clinical trial have shown that few toxic effects or side effects were found with treatment of baicalin. Therefore, baicalin might be an alternative drug for the prevention and treatment of UC.
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